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EXECUTIVE SUMMARY

In 1993, Congress mandated that the U.S. Army conduct a program at Jefferson
Proving Ground (JPG), near Madison, Indiana, to demonstrate and evaluate systems and
technologies that can be used to detect, identify, and remediate buried unexploded
ordnance (UXO). Since this time, four separate and distinct Technology Demonstration
Phases have been conducted. JPG Phases I, Il and 111 established a trend towards
improvements in UXO detection as “mag and flag” approaches conveyed to more
sophisticated approaches that employed multi-sensors, precise integrated navigation, and
advanced data processing. Despite this progress, state-of-the-art UXO detection
technology is plagued with high false alarm rates, attributed to the inability to distinguish
UXO from man-made clutter. Assuming that anomalies can be detected, discrimination
is needed to classify UXO and non-UXO to reduce the costs associated with excavating
non-ordnance.

In JPG Phase 1V, the JPG test site was specifically modified for the evaluation of
UXO discrimination technology, where vendors were allowed to interrogate identified
anomaly locations and gather dense data sets in an effort to assess their capability to
discriminate ordnance and non-ordnance clutter. As such, the JPG Phase IV performance
goals were set in place as follows:
» 95% effective discrimination of UXO targets that range in size from 20 mm
projectiles to 155mm projectiles, and
» 75% effective discrimination of comparable-sized non-UXO (clutter) targets.
The secondary focus of the JPG demonstrations was to assist site restoration
managers in:
» Displaying the performance of current state-of-the-art technology and capabilities.
. Serving as a baseline for future discrimination exercises under the test conditions
stated.
* Identify area of emphasis for future R&D efforts

Phase IV ...

In past JPG demonstrations, the ability to detect subsurface ordnance was critical
to the success of UXO site characterization and remediation efforts. During those
demonstrations it became evident that there was a problem determining the difference
between ordnance and non-ordnance buried targets — “Another issue with detection
performance is that a system with a high probability of detection may be of little practical
value if it generates an excessive number of target reports that do not correspond to
ordnance.”

A two phased approach was used to fulfill the goals of the program. The first was
an enhancement phase or self-test phase. Demonstrators were encouraged to develop
new sensors and/or procedures and test them on buried targets at the JPG 80-acre site.

! To distinguish between full, intact, inerted, non-degaussed, hand emplaced ordnance and man-made,
ferrous content, hand emplaced debris.

2 U.S Army Environmental Center, Naval Explosive Ordnance Disposal Technology Division, Report No.
SFIM-AEC-ET-CR-97011, “UXO Technology Demonstration Program at Jefferson Proving Ground, Phase
I (April 1997)
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All information about the buried targets, including 23 ordnance and 46 non-ordnance
targets, was provided to the demonstrators. In addition, representative samples of the
targets (except 76 mm) were available for vendor evaluations. Six demonstrators were
evaluated by a government group of experts and, based upon their proposals, were chosen
to participate in the self-test. After the conclusion of the self-test phase, a blind test phase
commenced on the 40-acre site. Ten demonstrators, including the original 6 from the
self-test phase, performed a discrimination survey of 160 targets (50 ordnance and 110
non-ordnance targets). During the blind test phase, demonstrators were told that a
previous survey had uncovered potential burial sites of UXO and those locations had
been marked on the ground. The only information provided to the demonstrator was
horizontal (x, y) position (marked with a flag) and the fact that previous excavation
attempts had resulted in more non-ordnance being recovered than ordnance.

Results of Phase IV show there is a developing capability to distinguish ordnance
and non-ordnance. One of the ten demonstrators® showed a better than 75% ability to
discriminate non-ordnance from ordnance while maintaining a relatively high TP rate.
Though this is an important first step, no demonstrator was able to meet the desired
performance level, 95% TP and 75% TN, established before the demonstrations began.

Graph ES-1. Discrimination Effectiveness

JPG Phase IV, 40 Acre Site
Percent Ordnance Versus Non Ordnance Correctly
Discriminated (All Areas)

Region of Desired Operational Performance (blue)
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Graph ES-1 distinctly shows some demonstrators had the ability to tell the
difference between ordnance targets and non-ordnance targets given the conditions of the
test.

Demonstrators were asked to not only determine ordnance from non-ordnance,
but to declare what kind of ordnance they detected. Graph ES-2 summarizes these results.
Geophex was able to correctly determine the ordnance item (e.g. 60mm mortar, 20mm
projectile, etc.) over 55% of the time. The Naval Research Lab and NAEVA Geophysics
were able to correctly identify the kind of ordnance over 30% of the time. This is a
significant increase in discrimination capability not seen in previous demonstration
phases.

Other graphs were generated detailing performance in declaring depth, weight, size,
confidence, and these are located in the main body of the report. In addition to the
demonstration results, Appendix F contains the full phenomenological study performed
by the Waterways Experiment Station (WES). This study provides details on the field
environment that may influence vendor performance.

Graph ES-2. Percentage of Correct Declarations of Actual
Ordnance Types by Vendor

JPG Phase IV, 40-Acre Site
Percentage of Correct Declarations of Actual Ordnance Type by Vendor (as provided by
Demonstrators Data Disk in the "Comment Field")
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50 1

Percentage (%)

40

30 1

20 1
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Applied NAEVA  ENSCO, Inc. Geophex, Battelle SC&A ADI/Alpha Geo- Geophysical Naval
Physics Lab Geophysics Ltd Geoscience Centers, Inc. Technology Research
Limited Lab
Note: This information was not asked for but some vend
vendors provided it as extra information endors o .
# of Correct Ordnance Typings (eg. 60mm) / TOB D(/eogoggﬁrr:]e)m Declarations of Actual Ordnance Type

Raw data was collected from all the vendors and released to the Joint UXO Center
of Excellence (UXOCOE) web site (www.denix.osd.mil/lUXOCOE) along with the
ground truth. Providing data and ground truth to the public germinates new ideas and
concepts; fostering partnerships between industry, government, and academia.

ES -3



Results from Phase 1V, as well as previous phases, lead to the following
recommendations:

* New and continued developments in sensor technologies and processing are
needed.

» Future detection and discrimination exercises should be conducted as new
capabilities are identified.

» Economic incentives should be incorporated into remediation contracts to
stimulate continued development.

» That “real world” ordnance and clutter target sets be acquired and made
available to technology developers.

» Establishment of other DoD test areas in geographically diverse environments
to test sensor and processing performance due to geology, vegetation, and
climate variations.

ES -4



1.0 INTRODUCTION

In 1993, Congress mandated that the U.S. Army conduct a program at Jefferson Proving
Ground (JPG), near Madison, Indiana, to demonstrate and evaluate systems and technologies that
can be used to detect, identify, and remediate buried unexploded ordnance (UXO). The U.S.
Army Environmental Center (USAEC), in the Edgewood Area of Aberdeen Proving Ground,
Maryland, was designated as the program manager. USAEC tasked the Naval Explosive
Ordnance Disposal Technology Division (NAVEODTECHDIV), Indian Head, Maryland, with
the technical lead in program execution.

This document is divided into five sections.

» Section 1.0 provides the introduction and a historical synopsis of JPG Phases I, 11, Il
technology demonstrations and their results.

» Section 2.0 describes the JPG Phase 1V Program Goals and Objectives, the
Technology Demonstration (TD) methodologies and technical approach, site
operations and procedures, the selection process for demonstrators, the procedures
followed for the demonstrations, and the quality assurance procedures.

» Section 3.0 presents the performance evaluation methodology.

» Section 4.0 documents the analysis and results of target discrimination and excavation
demonstrations.

e Section 5.0 presents the conclusions and recommendations.

The need for this program....

UXO detection and clearance technology deficiencies came to the forefront in our
nation’s newspapers with the public’s realization that the base realignment and closure (BRAC)
process would not result in the immediate turnover, to the public, of former Department of
Defense (DOD) properties. A legacy of decades old unexploded projectiles, rockets, bombs, and
missiles, and even cannonballs from the past century, restricts unlimited public use and access to
these lands. In addition, active DOD installations considering alternative land uses face
unknown hazards because of poor record keeping on past ordnance usage. Installation managers
need to know the capabilities and limitations of UXO detection and clearance technologies to
perform effective site remediation.

There is an enormous demand to characterize the UXO hazards on large tracks of land.
The following excerpt is from a DOD Explosive Safety Board (DDESB) report':
“Contamination of land and sea from unexploded ordnance has grown to a level where it now
presents a serious problem in the United States. The contamination prevents civilian land use,
threatens public safety and causes environmental concerns. Estimates indicate that over 15
million acres in the United States may contain some level of UXO contamination, at about 1,500

! Report Of The Defense Science Board Task Force ON UNEXPLODED ORDNANCE (UXO) CLEARANCE,
ACTIVE RANGE UXO CLEARANCE, AND EXPLOSIVE ORDNANCE DISPOSAL (EOD) PROGRAMS, April
1998



different sites. This figure does not include the acreage of UXO contamination undersea. DOD’s
responsibilities include providing UXO site clean-up project management, assuring compliance
with federal, state and local laws and environmental regulations, assumption of liability, and
appropriate interactions with the public. DOD has no specific UXO remediation policy, goals or
program. Current UXO site remediation efforts are based on decades-old technology and use
several procedures that are inefficient, labor-intensive and costly. Because the suspect sites have
not been surveyed, there is great uncertainty about the actual size of the UXO problem. However,
even if only 5% of suspect acreage need cleanup, remediation costs would still be high (possibly
exceeding 15 billion dollars) and times would be long (possibly exceeding several decades to
complete) using current technologies. UXO site remediation in the United States currently is
being funded at about $125M per year, excluding special clean-up programs (such as the on-
going clean-up at Kaho’olawe, which has funding projected to total about $400M.”

Past History...earlier work®

JPG Phase I and Il. In the first two phases of these demonstrations, JPG Phase | and |1
conducted in 1994 and 1995 respectively, inert ordnance was emplaced at two JPG sites: a 16
hectare (40 acre) site established for ground-based technology demonstrations and another 32
hectare (80 acre) site established for airborne technology demonstrations. All ordnance locations
were recorded and available for evaluation purposes, but were not accessible to the technology
demonstrators. There were 29 demonstration systems in JPG Phase I. The data collected from
Phase | was compared to the known (baseline) target data, and a technical report was published
in December 1994. From May through September 1995, Phase Il of the program was conducted
in a similar manner as Phase I, and 17 additional or upgraded systems were demonstrated. JPG |
and Il showed that airborne platforms and ground penetrating radar (GPR) sensors did not
perform well under the test conditions at JPG. Demonstrators who used a combination of
sensors (electromagnetic induction and magnetometry) had the best results at JPG I and Il. Data
collected from Phase Il was again compared to the known (baseline) target data, and a technical
report was published in June 1996.

Some performers in Phase 1l detected over 80 percent of the ordnance, but they also
reported three to twenty times more targets (false alarms) than actual ordnance. A major cost
factor in remediating UXO properties is the inability to distinguish ordnance from prevalent
clutter, either ordnance-related debris or residue associated with farming. Excavation
demonstrations of remotely operated systems were also demonstrated during the first two Phases.
Excavator’s efficiency to unearth ordnance, (<5%), significantly lagged the ability of vendors to
detect and mark targets. This means that for every 20 targets detected, 1 is excavated using the
same time frame. Hence, excavation of detected anomalies consumes the greatest time and thus
continues to drive the cost of UXO remediation efforts.

JPG Phase IlI. In 1996, Congress authorized a third phase of the program. JPG Phase IlI
was conducted in a similar manner as Phases | and 11, but the overall program goals were
expanded. As in Phases I and I, all ordnance locations were recorded and available for

2us Army Environmental Center, Naval Explosive Ordnance Disposal Technology Division, Report No. SFIM-AEC-ET-CR-97011,
“UXO Technology Demonstration Program at Jefferson Proving Ground, Phase Il (April 1997)
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evaluation purposes, but were not accessible to the technology demonstrators. The 16-hectare
site was further subdivided into four realistic UXO scenarios. The scenarios established were an
(1) Aerial Gunnery Range, (2) Artillery and Mortar Range, (3) Grenade and Submunition Range
(3), and (4) an Interrogation and Burial Area. Demonstrators were allowed to tailor the
sensitivity of their sensor(s) to the anticipated UXO target set for a specific scenario and/or only
select the scenarios that best represented their system’s capabilities for detection, localization and
or characterization of the UXO.

The overall performance of the JPG Phase |1l technology demonstrations for scenarios 1,
2, and 3 (: This is the latest detection data available for UXO sensor systems) is summarized in
Table 1-1, as categorized by sensor technology (Note: This is the latest detection data available
for UXO sensor systems). The table shows that overall performance was better than 50%
probability of detection, and many demonstrators found more than 90 percent of the baseline
ordnance. However, the false alarm ratio (the number of false alarms per piece of true ordnance)
varied from one to eighteen for the seventeen demonstrators. Generically, this equates to an
average of six negative responses per true UXO detection.

TABLE 1-1

DEMONSTRATOR ORDNANCE DETECTION BY SENSOR TECHNOLOGY
FOR COMBINED SCENARIOS (1,2 AND/OR 3%

False Alarm (FA) FA Ratio
Sensor Type Demonstrator (Scenario #) Pp Rate (#/Hectare) (#/Ordnance
Detected)
Electromagnetic CHEMRAD (1,2) .50 12.90 1.91
Induction (EM) GRI (EM) (1,2,3) .87 123.89 8.46
GeoPotential (1,2,3) .06 9.04 8.54
Gradiometer (Grad) | Foerster (1) .60 36.46 4.85
Magnetometer (Mag) | Battelle (2) 12 1.71 1.00
GRI (Mag) (1,2,3) .70 223.68 18.82
Rockwell (1,2) .34 25.93 5.70
Geophex (1,2) N 32.44 3.11
ADI (3; Mag only in 1,2) .78 109.48 8.3
GRI (Combined) (1,2,3) .93 240.53 15.23
EM & Grad Geo-Centers (1,2,3) .93 81.80 5.18
EM & Mag Geometrics (2) .90 38.44 3.00
NAEVA (1,2) .94 24.84 1.96
SCA_ADI (3; Mag only in 1,2) .63 46.80 4.36
SCA_Geo-Centers (1,2,3) .76 43.55 3.36
SCA_Geometrics (2) .96 41.86 3.06
Ground Penetrating | ENSCO (1,2) .70 48.66 5.14
Radar (GPR)
GPR & EM & Grad
Average .68 £ 67.18 6.00 + 4.77
.28

® Note: Data is presented for JPG Phase 111, Scenario 1,2, and 3 only. These scenarios had representative UXO for
demonstrators to search for, localize, and classify. Scenario 4 was not a detection exercise. In scenario 4, targets
were marked by the government test coordinators to assess the capability of demonstrated systems to classify marked

targets.
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Figure 1-1 provides a comparison of the JPG Phase |1l demonstrated system results to the
earlier Phases, specifically providing the probability of ordnance detection versus the false alarm
rate (in false alarms per hectare). Desired performance is in the upper-left hand corner of the
graph (that is, high probability of ordnance detection with low false alarms). At every successive
phase, the general trend is that detection rates are improving with no target discrimination
capability demonstrated and an increase in false alarm rates. All the previous JPG Phase I, 1l and
Il reports are available on the USAEC website: www.aec.army.mil.

To better capture data relating to the true nature of the UXO detection, FAR, and the risk
equation, the scope of the JPG Phase 1V technology demonstration was narrowed to evaluate the
state-of-the-art in UXO discrimination methodologies. The data collected in JPG IV will
hopefully assist DOD, other Federal government Departments and Agencies, and our private
industry partners in better assessing and determining the course of the UXO technology
objectives as they relate to real world implementations (although admittedly, the reported data
herein is only for one geophysically unique site).



Figure 1-1

Probability of Ordnance Detection (Pp) versus False Alarm Rate (FAR)
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20 TECHNOLOGY DEMONSTRATION METHODOLOGY

Results of the technology demonstrations under JPG Phases I, 11, and 11l and findings of
DOD principal investigators indicate that state-of-the-art UXO detection technology, such as
magnetometer and active electromagnetic induction systems, have high false alarm rates because
current sensor technologies are not able to distinguish UXO from man-made clutter. The purpose
of JPG Phase IV is to identify technologies capable of determining whether or not a target is
UXO. Because a significant portion of remediation funding is spent on excavating targets that
are not UXO, USAEC mandated that the JPG Phase IV demonstration seek technologies that
have discrimination capabilities. The term “discrimination” refers to technology or techniques
that can be used to determine whether an anomaly, previously detected and localized by passive
or active methods, is UXO.

2.1  JPG Phase IV Program Objective and Goals

For JPG IV, the objective for an effective discrimination capability was assigned as
follows:

» 95% effective discrimination of UXO targets that range in size from 20 mm
projectiles to 155mm projectiles, and
*  75% effective discrimination of comparable-sized non-UXO (clutter) targets,

Such discrimination effectiveness levels would reduce the number of unnecessary
excavations at remediation sites. Based on knowledge learned in the earlier phases, the goals set
for Phase 1V of the JPG Technology Demonstrations were to:

¢+ Demonstrate the capabilities of technology to discriminate between ordnance and
non-ordnance.

Establish discrimination baselines of sensors and systems.

Make raw sensor data available to the public for future analysis efforts.

Focus future RDT&E efforts.

Establish state-of-the-art for predicting the “class” of ordnance.

Address issues raised from prior JPG phases.

* & & o o
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2.2 SITE LOCATION AND DESCRIPTION

JPG is located about 5 miles north of Madison, Indiana, in Jefferson, Ripley, and
Jennings counties. The facility covers about 22,365 hectares (55,265 acres) and includes former
firing lines and impact areas. The base was used for over 50 years, until 1995, to test ordnance
and related systems. The Indiana Air National Guard still uses the facility. The Phase IV
demonstrations were conducted on a 16-hectare area in the northwest quarter of Section 36,
Township 6 North, Range 10 East, the same area used for Phase I, 11, and 11l demonstrations of
ground systems. The site is located adjacent to access roads on the East Side of the facility.
Detailed information on the site, its geophysical ground truth, preparation, and Quality Assurance
is contained in Appendix B.

2.3  TECHNICAL APPROACH

The technical approach is similar to the plan for Phase Il in that demonstrations were
evaluated in terms of realistic UXO range conditions. To this end, NAVEODTECHDIV, in
conjunction with Tetra Tech EM Inc. (Tetra Tech) evaluated the existing test area and selected
the most realistic target mix, the emplacement of targets on the test site, and the optimal method
of emplacement.

The government emplaced a new target set in selected areas of the 16- and 32-hectare
areas, including both ordnance and non-ordnance items. Target emplacement depths were
determined by considering penetration depths for various types of ordnance’ in the clayey soils
found at 2JPG (see Appendix B) and by considering depths that were most likely and most
practical®.

A two-part approach within Phase 1V was used to fulfill the goals of the program. The
first was an enhancement or self-test phase. Demonstrators were encouraged to develop new
sensors and procedures and test them on buried targets. All information about the buried targets,
including location, depth, type, class, orientation, etc. for 23 ordnance and 46 non-ordnance items
was provided to the demonstrators. Six demonstrators were evaluated by a group of government
experts and, based upon their proposals, chosen for the self-test phase of testing. The purpose of
this phase was to provide the vendors an opportunity to “train” their sensor systems to
discriminate ordnance from non-ordnance items

The second part was a blind test. Ten demonstrators, including the original 6 from the
self-test phase, performed a discrimination survey of 160 targets (50 ordnance and 110 non-
ordnance). During the blind test part, demonstrators were told that a previous survey had
uncovered potential burial sites of UXO and the location of each anomaly was marked on the
ground. Surface positions were marked with a flag to focus vendor efforts on discrimination
rather than detection/location of the targets. In addition, participants were told that more non-

! Fundamentals of Protective Design for Conventional Weapons, TM 5-855-1, Headquarters, Department of the
Army, November 1986.
2 Detection of Unexploded Ordnance, DDESB TR-76-1, H.H. Henegar, April 1976
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ordnance targets were buried than ordnance targets. The assessment of vendors at JPG Phase IV
was based solely on their individual capabilities to distinguish between (1) full, intact, inerted,
and non-degaussed, hand-emplaced ordnance and (2) man-made, ferrous-content, hand-emplaced
debris.

24  SITE PREPARATION

Existing ordnance available from the JPG inventory was used to create both the 16- and
32-hectare target areas. Ordnance-related debris, such as partial shell casings, bullet casings,
discarded fins, etc., was not part of the layout due to time and budgetary constraints.

Target emplacement locations were initially located using archived information from
Tetra Tech and the surveyors. Two-meter radius circles were drawn at each proposed location,
thus guaranteeing a minimum four-meter separation in the horizontal plane between centered
targets. This was done to eliminate clutter effects from adjacent targets and to ensure a relatively
“noise free” local environment. Emplacement locations for the targets were located and flagged
by the surveyors using an optical surveying instrument. After the flags were placed and prior to
emplacing targets at these locations, a gradiometer was used to check the location for magnetic
anomalies within a 2-meter radius of the flag (only at the 16-hectare blind site). Fourteen flags
were moved due to anomalous magnetic readings greater than 15 nanoTesla (nT). This was
done to ensure that the demonstrator would key on the target signature and not be confused by
anomalous magnetic noise.

The emplacement crew used a backhoe to excavate each pre-selected target location to
the approximate intended burial depth.

A surveying crew photographed the target either on the surface before it was emplaced or
in its’ final position. Then the survey crew precisely located each target determining X (easting),
Y (northing), and Z (elevation) coordinates. After emplacement, the removed soil was back-filled
in and tamped with the backhoe bucket. Quality assurance, after the demonstrations had
concluded, showed that this technique is flawed for maintaining elevation (declination)
information. Ordnance targets that were placed in the ground in orientations other than vertical
or horizontal would collapse to the horizontal position, changing orientation by as much as 35
degrees. Quality assurance is discussed in the Appendix B.

25 SITE LAYOUT

“Real world range clutter” has never truly been characterized, as the clutter target set is
conceivably immense. Further, “clutter” was not available in quantities or sizes necessary for the
spectrum of ordnance targets buried. To make the test demonstration challenging and repeatable;
non-ordnance targets were fabricated that represented the weight, volume, material, and/or aspect
ratio characteristics to the UXO targets employed in the JPG IV demonstration.

UXO items ranged in size from 20mm rounds to 155mm projectiles. Results from
previous phases showed that small to medium sized ordnance targets were the hardest to detect
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and classify. Non-ordnance targets consisted of scrap metal cut to “ordnance type” weights
(UXO system weight includes explosive filler). Similar, as well as dissimilar, aspect ratios of
non-ordnance scrap to ordnance items were also buried. Metallic content of the scrap was
limited to iron and steel. Scrap metal weights ranged from 0.15 Ibs. to 142.5 Ibs., representing
weights less than a 20mm round to roughly 40% heavier than a 155mm projectile. . Most
samples of ordnance and non-ordnance buried at the 16-hectare site were replicated at the 32-
hectare site.

Tetra Tech provided demonstrators with site and target information related to the
ordnance targets and non-ordnance targets emplaced at both the blind test and self-test sites.
Page seven of the demonstrator work plan (DWP) for the 16-hectare site states that:

“The Phase IV demonstration design is based on the premise that about 160
targets of interest have been located in a previous electromagnetic search at the 16-
hectare site. Most of the targets are non-ordnance (non-UXQO). The horizontal position
of the targets will be provided to the demonstrators, and the targets will be marked in the
field. Demonstrators will be required to interrogate the targets as to their nature (UXO or
non-UXO) and provide any additional information of suspected UXO targets that would
be useful to excavators. In addition, demonstrators are to prioritize their interrogated
targets list such that the first target listed is most likely UXO and the last target listed is
most likely non-UXO”.

Plastic flags were placed over each target; therefore, removing the requirement to
navigate back to the source of an anomalous signal. This was done to remove the navigation
burden from the demonstrator so that time spent in the field was focused on the JPG Phase IV
objectives and goals. However, discrimination technologies, and of course detection
technologies, in UXO clearance operations should require the capability to relocate unmarked
targets for “interrogation,” given the UTM coordinates of the target.

2.5.1 Self-Test Area (32-Hectares)

The purpose of this phase was to provide the vendors an opportunity to “train” their
sensor systems to discriminate ordnance from non-ordnance items. The government provided
demonstrators access to a self test site in the northeast corner of the 32-hectare (80-acre) test area
for self-testing prior to demonstrating on the 16-hectare blind test site. A total of 71 targets were
marked and identified in the self test area as follows: 23 inert ordnance targets ranging in sized
from 20mm to 155mm rounds, 46 non-ordnance targets, and 2 empty holes. All information
about the buried targets, including location, depth, type, class, orientation, etc. was provided to
the demonstrators.

2.5.2 Blind Test Area (16-Hectares
The 16-hectare area (40 acres) was used for all JPG Phase IV “blind test” demonstrations

where a total of 160 targets were emplaced in four test areas. The four test areas were developed
to provide:
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» Access for multiple demonstrations. Four areas would allow two demonstrators
access to the site during the same timeframe without interfering with each other.

» Areas that were not utilized in previous JPG Phases.

» Terrain with enough topological variety that any sensor system heavily dependent
upon ground conditions (topography, vegetation, and access) would hopefully show a
difference in performance and thereby improve the objectivity of the demonstration.

Of the 160 targets, 50 targets consisted of inert ordnance items and 110 targets consisted
of unique non-ordnance items. A listing of all these targets are provided in Appendix B.
Demonstrators were informed that a previous survey had uncovered potential burial sites of UXO
and the location of each anomaly was marked on the ground. Surface positions were marked
with a flag to focus vendor efforts on discrimination rather than detection/location of the targets.
In addition, participants were told that more non-ordnance targets were buried than ordnance
targets.

Unlike JPG IlI, where there were different UXO scenarios, the four areas that were
utilized in JPG IV were all similar. Representative samples across the spectrum of ordnance
types were buried in each of the four areas while non-ordnance to ordnance ratio of roughly 2:1
was maintained. As such, in the event that demonstrators collected data over some, but not all of
the areas, ordnance to non-ordnance ratios would not be an issue. Also, each area would have a
preponderance of small, medium, and large targets. Further, the four areas did have topological
variety to assess the dependence of a sensor system on site conditions, using similar target sets.

26 DEMONSTRATOR SELECTION PROCESS

Candidates for JPG Phase IV technology demonstrations were solicited through
Commerce Business Daily (CBD August 6, 1997). Sixty (60) vendors requested and were then
sent information packages that included the program background, JPG Phase I, Il and 1lI
summaries, Phase 1V goals and requirements, and the criteria for selection.

Criteria for the proposal evaluation included the following:

e Technical merit

e Past performance

» Practicality of use of the their technology at JPG
* Value of their involvement to the government

e Cost of their involvement

Twenty proposals received JPG Phase IV consideration and ten were rejected for being
outside the planned scope. During the proposal evaluations, the Government selection panel
selected and funded:

» Six (6) vendors for participation in JPG Phase IV data collection in both the self-test

area and the blind test area. Vendors were reimbursed for testing and tuning their
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systems in the spring and summer of 1998 in the self-test area. After this “self test”
opportunity, the vendors returned in the late summer and fall of 1998 to perform a
limited “blind test” on the 16-hectare site.

» Four (4) additional vendors were provided funding to participate in the collection of
discrimination data at the blind test area. The vendors performed a limited “blind test”
on the 16-hectare site in the late summer and fall of 1998. These vendors were only
allowed access to the representative ordnance and non-ordnance items located in the
warehouse.

2.7 DEMONSTRATION PROCEDURES

Al selected demonstrators were provided with a demonstration work plan (DWP)? that
outlined the responsibilities involved in the demonstrations. The DWP provided site
background, evaluation criteria, procedures, and data validation information. The Safety, Health,
and Emergency Response Plan (SHERP), included in the DWP, served as a guide for day-to-day
activities.

Blind test demonstrations were generally scheduled to start on-site by mid-week and
conclude by the following Sunday or Monday. The day preceding the start of demonstrations was
available for system setup. A Demonstrator Reference Area, a small area outside the controlled
site, was available for participants to check their system performance prior to the time limited
blind test evaluation. Demonstrators were provided daily local weather forecast, including data
collected from an on-site weather station. Discrimination demonstrators and excavation
demonstrators had 40 hours to demonstrate their systems capabilities. Hours were logged only
while the demonstrators were physically on the grid (blind test area). Discrimination
demonstrators were not allowed to dig or remove any objects from the site during the
demonstration. Demonstrators were provided with physically flagged baseline target positions.
A demonstrators operational time, in hours, was recorded only while the demonstrators were
physically on the grid (blind test area).

2.8 DEMONSTRATION DELIVERABLES

Demonstrators were required to provide progress reports every quarter and, within 30
days of demonstration completion, supply three categories of data:

» Administrative data that identified the company and roles of the project team
members.
* Equipment data that identified the technologies used in the demonstration.
* Results in the form of a standard data submission that the government used to
evaluate demonstrator performance.

® Demonstrator Work Plan (Version 2), Phase IV Controlled Site Advanced Technology Demonstrations U.S.
Army Jefferson Proving Ground, Madison, Indiana, July 30, 1998, Tetra Tech EM Inc., Contract # N00174-96-C-
0075



The administrative and equipment data was provided to the government in the form of a
JPG Phase IV Demonstrator Summary Report. The government provided each demonstrator a
data entry disk to ensure standard data submission for evaluation.
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3.0 PERFORMANCE EVALUATION METHODOLOGY

The ability to detect subsurface ordnance is critical to the success of UXO site
characterization and remediation efforts. During earlier JPG demonstrations, it became evident
that there was a problem determining the difference between ordnance and non-ordnance buried
targets. Further, as stated in the JPG Phase 111 Report Chapter 3, “Another issue with detection
performance is that a system with a high probability of detection may be of little practical value
if it generates an excessive number of target reports that do not correspond to ordnance.” .

Demonstrators approached the JPG Phase 1V discrimination requirements by using a
variety of sensors to sample the environment for anomalous changes caused by the presence of
ordnance or materials/geometries of UXO-like items by enhancing their data analysis
capabilities. Their sensor sampling strategy was influenced by economics and determined, in
part, by their decisions regarding sensor technology, numbers of sensors used, sensor sampling
rate, lane spacing, search speed, processing algorithms, and quality assurance with respect to a
desired search objective. The evaluation of vendors at JPG Phase IV is based solely on their
individual capabilities to distinguish between fully, intact, inerted, hand-emplaced ordnance and
man-made, ferrous content, hand-emplaced debris. The evaluation process or methodology was
intended for use by site restoration managers or anyone else involved in the UXO cleanup
process by: (1) helping them understand the problem, (2) displaying the current state-of-the-art
technology and capabilities for discrimination of a detected anomaly, and (3) serving as a
baseline for future discrimination exercises.

This report does not include the demonstrator’s decision-making processes, or an
evaluation of their sensor data and how it was collected. Practical discrimination would involve
the ability of a detection system to differentiate a hazardous UXO item or remnant from a non-
hazardous one. Phase IV does not attempt to answer this “hazard” question. Instead, Phase IV
attempts to answer a subset of that question by burying UXO (perfectly intact and inert) targets,
and leaving man-made and natural sources of erroneous signals in the ground. Discrimination
for Phase 1V is more narrowly defined as “the ability of a demonstrator to detect the difference
between inert UXO shapes and man-made ferrous objects.”

3.1 DATAFIELDS

All demonstrators were required to fill out a demonstrator data disk containing the
following standard data submission fields:
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Table 3.1 -1 Demonstrator Data Disk Fields

ENTRY | DESCRIPTION DEFINITION

1 Demonstrator Name of the Demonstrator — Government Furnished Information (GFI)

2 Target Target ID Number (001, 002, 003 etc.) - GFI

3 Northing Universal Transverse Mercator (UTM) Northing Coordinate using WGS 84 Datum. - GFI

4 Easting Universal Transverse Mercator (UTM) Easting Coordinate using WGS 84 Datum. - GFI

5 Depth Distance in meters from the target using the volumetric* center point of the target to the ground
surface; a blank entry will be interpreted as “unknown”.

6 Type The kind of target (choices are: ordnance, non-ordnance, unknown)

7 Confidence Demonstrator sureness of correct target typing (choices are: high, moderate, low, unknown)

8 Weight Target weights (choices are: heavy>75 kg., moderate 10<m>75 kg., light<10 kg., unknown)

9 Size An Ordnance targets’ major diameter (choices are: large>200mm., medium 100>m<200mm.,
small<100mm., unknown)

10 Azimuth Bearing of an ordnance items roll axis (tail to nose) in the horizontal plane, ranging from 0
degrees (north) to 180 degrees (south) to 359 degrees. Targets with vertical positions should be
entered as “0”, if “unknown” as “-99”.

11 Declination Bearing of an ordnance item’s roll axis (tail to nose) relative to the ground surface. Values can
range from -90 degrees, or nose pointed directly up, to 90 degrees, or nose pointed directly down.
A value of 0 degrees lies in the horizontal plane. If declination is “unknown” it should be entered
as “-99”.

12 Class Target Class (choices are: mortar or projectile (e.g. 60mm mortar, 76mm HEAT)

13 Comments Any notes or observations that the demonstrator wants to make.

or tail.

* Surveyed depth was from the ground surface to the top middle of the ordnance buried in the horizontal
plane. Depth of ordnance buried at 45° was measured from the ground surface to the shallowest tip of the item, nose

3.1.1 Basis for Discrimination

The basis for discrimination depended upon the ability of the demonstrator to
differentiate between ordnance and non-ordnance in the Type field. Concurrent with any kind of
decision making is the Confidence a demonstrator had in making a particular judgment. The
main thrust of JPG Phase IV was directed at these two areas. Detection and navigation, which
had been major thrust areas of Phases I, 11, and I11, were not considered pertinent for Phase IV.

3.1.2 Criteria for Discrimination

Given the basis for discrimination, the following terms and procedures are used to
describe the performance of individual demonstrators for their ordnance and non-ordnance
declarations:
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TP true positive - Baseline ordnance target that is identified by the
demonstrator as ordnance

TN true negative — Baseline non-ordnance target that is identified by the
demonstrator as non-ordnance

FP false positive — Baseline non-ordnance target that is identified by the
demonstrator as ordnance

FN false negative - Baseline ordnance target that is identified by the
demonstrator as non-ordnance

Ou Ordnance declared as “unknown”

Nu non-ordnance declared as “unknown”

TOB total ordnance buried

TNOB total non-ordnance buried

TBT total baseline target set
(TBT = TOB + TNOB)

Unknown | not discovered, identified, determined, or explored

Calculation of TP Percentage - Correct (TP) ordnance declarations by the vendor x 100
Total ordnance buried (TOB)

Calculation of TN Percentage - Correct (TN) non-ordnance declarations by the vendor x 100
Total non-ordnance buried (TNOB)

Calculation of FP Percentage — FP x 100
TNOB
Calculation of FN Percentage - FEN x 100
TOB
Calculation of Oy Percentage - Ordnance Declared as “Unknown” x 100
TOB
Calculation of Ny Percentage - Non-Ordnance Declared as “Unknown’ x 100
TNOB

A sample calculation is as follows:

Given: Ground Truth consists of 30 ordnance targets and 70 non-ordnance targets (-or- TOB
=30, TNOB =70)

Data for Vendor 1:
» 30 ordnance targets declared as:
15 ordnance, 10 non-ordnance, 5 unknown (-or- TP=15, FN=10, Oy =5)
e 70 non-ordnance targets declared as:
35 non-ordnance, 20 ordnance, 15 unknown (-or- TN=35, FP =20, Ny=15)
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Table 3.1.2-1  Sample Calculation: Ground Truth versus Vendor 1
Declarations
Ground Truth Ordnance | Ground Truth Non-Ordnance
Vendor 1 TRUE POSITIVE FALSE POSITIVE
Ordnance Declarations | PERCENTAGE PERCENTAGE
SAMPLE = (15/30)*100 = (20/70)*100)
=50% = 28.6%
Vendor 1 Non- FALSE NEGATIVE TRUE NEGATIVE
Ordnance Declarations | PERCENTAGE PERCENTAGE
SAMPLE = (10/30)*100 = (35/70)*100
=33.3% =50%
Vendor 1 ORDNANCE NON-ORDNANCE
Unknown Declarations | DECLARED AS DECLARED AS UNKNOWN
SAMPLE UNKNOWN PERCENTAGE
PERCENTAGE = (15/70)*100
= (5/30)*100 =21.4%
=16.7%

Note: For demonstrators who declare all targets as ordnance or non-ordnance the last
row (unknown) of the table does not apply.

3.1.3 Desired Discrimination Capabilities

The discrimination performance metrics for JPG Phase IV was established during the
UXO Forum held in 1998. At that time desired goals for the program were to achieve a greater
than or equal to 95% true positive rate and a greater than or equal to 75% true negative rate.
What does this mean for the site manager or person responsible for cleanup? Graph 3.1.3

presents a picture of this performance metrics. It should be noted that the preceding metric was a
subjective goal for the JPG Phase IV demonstration and should not be associated with any site-
specific regulatory requirements. Every situation involving UXO involves different levels of
acceptable risk. Factors such as end land use (public access), geology factors, government
requirements, and funding all contribute to the Cost / Risk equation.

To minimize cost and time, the goal is to dig only ordnance targets (True Positives).
Non-ordnance targets (True Negatives) should be left in the ground. What happens with False
Positives and False Negatives? False Positives add to the cost of doing business by requiring
expenditures of resources on buried items that have no risk associated with them (they are non-
ordnance declared as ordnance). On the other hand, False Negatives represent an increase in risk
or liability (they are ordnance declared as non-ordnance that is not slated for remediation). The
following is a graphical representation. In conclusion, high discrimination ability will maximize
the TP & TN, while minimizing the FP & FN.
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GRAPH 3.1.3 -1, Desired UXO Discrimination

JPG Phase IV, 40-Acre Site
UXO Discrimination Goals

25.00 Risk

95.00

0% True Positves
W% True Negatives
O% False Positives
0% False Negatives

TP+ FN =100
TN + FP =100

True Positives represent the vendors capability of correctly identifying ordnance from clutter (either man-made or natural) - remediation is required.
True Negatives represent the vendors capability of correctly identifying non-ordnance. No follow on actions are required.

False Positives represent the vendors mis-typing of non-ordnace for ordnance, thus creating an added remediation or cost burden.

False Negatives represent the vendors mis-typing of ordnance for non-ordnance, creating an increased risk to health and safety.

3.2 DISCUSSION OF DISCRIMINATION

Data and graphs, in the rest of this chapter, were designed to aid the reader in assessing
demonstrator performance and are hypothetical in nature. View each graph independently to
understand the metric being discussed. No correlation should be drawn between vendors shown

in this section and actual demonstrators.

It is possible to achieve a 100 percent correct discrimination of ordnance targets as
ordnance, true positives, just by declaring all targets as ordnance. Just as it is possible to achieve
a 100 percent correct discrimination of non-ordnance, true negatives, by declaring all targets as
non-ordnance. This in itself is not a true measure of target discrimination capability. The

following graph, 3.2-1, will help clarify discrimination performance:



Graph3.2-1

Hypothetical Results for JPG Phase IV
Percent Ordnance Versus Non Ordnance Correctly
Discriminated
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The red line running diagonally from the top left to the bottom right represents the line of
no discrimination ability. The ends of the line show the conditions alluded to above, where the
vendor declares all targets to be either ordnance (point A) or non-ordnance (point B). The goal
of any discrimination exercise is to get as far away from the red line as possible. The goal of
JPG Phase IV (95% TP and 75% TN) is shown as a dark blue rectangle.

At first glance in these hypothetical results, vendor 4 seems to perform the best.
However, vendor 1 has more discrimination capability. Vendor 1 has serious mistyping errors,
calling UXO non-ordnance and vice versa, but excellent knowledge of “differences” and
therefore the ability to discriminate. The green lines represent the upper and lower 95%
confidence level brackets. Performance outside the green lines means that there is a greater than
95% chance that the vendor could discriminate between UXO and non-UXO, that performance
was just not a matter of luck. The worst performers are vendors 3 and 9. Their discrimination
capability is no better than chance.
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3.3 EVALUATION OF DEMONSTRATOR DATA

Various graphs were generated for this demonstration project showing data from different
perspectives. It is important to evaluate these graphs as a whole body of work rather than
picking the statistic that is most appealing and arriving at a judgment. One must keep in mind
that while discrimination is important, it is not the only factor involved in a successful cleanup.
For example, if sensors don’t detect the target to begin with then there is nothing to discriminate,
or, if the “process” is flawed a confident decision can not be made.

Collectively, the two example graphs (3.3-1 & 3.3-2) show the relationship between the
ability to declare UXO and non-UXO and the confidence in making those decisions. In Graph
3.3-1, TP and TN should be maximized and FP and FN should be minimized. In Graph 3.3-2,
high confidence levels substantiate the discrimination capability of a vendor. For example,
vendor 4 shows second-to-the-best TP and the best TN in graph 3.3-1while the confidence graph
3.3-2 tends to support their decision-making ability.

Graph3.3-1

Hypothetical Results of JPG Phase IV
Percentage of TP,TN,FP,FN,& Unknowns in All Areas

Percentage (%)

Vendor 1 Vendor 2 Vendor 3 Vendor 4 Vendor 5 Vendor 6 Vendor 7 Vendor 8 Vendor 9 Vendor 10

Vendors

@ Ordnance Declared as Ordnance (TP) B Non-Ordnance Declared as Non-Ordnance (TN)
O Non-Ordnance Declared as Ordnance (FP) B Ordnance Declared as Non-Ordnance (FN)
M Ordnance Declared as "Unknown"(Ou; O Non-Ordnance Declared as "Unknown" (Nu)

Ordnance declared as unknown (O,) and Non-ordnance declared as unknown (N) is
presented as percentages of targets that could not be identified. Declarations of unknown should
not be treated in a positive or negative way. The demonstrators’ decision-making ability,
intentions, or motivations are unknown and therefore cannot be analyzed.

Although vendor 8 shows the best TP, the confidence chart indicates there may be a
problem with their decision making (because the confidence in their declarations were
predominantly moderate to low), over and above their high FP rate. Vendors 5, 7, and 9 show
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questionable decision capabilities in graph 3.3-2 because their percentages of correct “low”
confidences were greater than their “moderate” confidences.

Graph3.3-2

Hypothetical Results of JPG Phase IV
Percentage of Correct Confidence Declarations

100

Percentage (%)

Vendor 1 Vendor 2 Vendor 3 Vendor 4 Vendor 5 Vendor 6 Vendor 7 Vendor 8 Vendor 9 Vendor 10
Vendors
N = Total Number of Demonstrator Declarations O % of Correct "High Confidence" Declarations
Note: (Number of Particular Confidence Level Declarations, where Correct B9% of Correct "Moderate Confidence” Declarations
0 or Non-Ord D ions were made / Total Number of O % of Correct "Low Confidence" Declarations

Particular Confidence Level Declarations made) x 100



Graph 3.3 -3, Vendor ABC

Hypothetical Results for JPG Phase IV
Percentage of TP, TN, FP, and FN By Area

Percentage (%)

1 2 3 4
Area

B Ordnance Declared as Ordnance (TP) B Non-Ordnance Declared as Non-Ordnance (TN)

ONon-Ordnance Declared as Ordnance (FP) O Ordnance Declared as Non-Ordnance (FN)

Graph 3.3 -4, Vendor XYZ

Hypothetical Results for JPG Phase IV
Percentage of TP, TN, FP, and FN By Area

Percentage (%)

1 2 3 4
Area
O Ordnance Declared as Ordnance (TP) H Non-Ordnance Declared as Non-Ordnance (TN)
ONon-Ordnance Declared as Ordnance (FP) OOrdnance Declared as Non-Ordnance (FN)

Comparison of a given vendor’s performance by area can be significant. Large
fluctuations between a vendor’s performance could be due to the selection of ordnance, small
sample population set, burial depth, or ground geology. Graph 3.3-3 shows vendor ABC data
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that is fairly consistent from area to area, only area 4 is significantly different. This variation
may be due to phenomenology effects. Phenomenology, as used here, may be defined as one or
more of the following effects: (1) geology, (2) topography, (3) vegetation, (4) meteorological
effects etc. which can influence sensor performance. On the other hand, Graph 3.3-4 shows
vendor XYZ has significant variations in performance from area to area. Area 2 shows a TP of
less than 10%, as compared to Area 1’s TP of 55%, and a FN greater than 90%. The ability to
discriminate non-ordnance targets, TN, seems to be consistent but problems discriminating
between ordnance targets and debris exist as evidenced by a high FN rate.

Graph 3.3-5 and graph 3.3-6 shows confidence declarations for ordnance and non-
ordnance respectively. Note that vendors #4 and #6 reflect good confidence in their ability to
identify ordnance versus non-ordnance.

Graph 3.3-5
Hypothetical Results for JPG Phase IV
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Graph 3.3-6

Hypothetical Results for JPG Phase IV
Percentage of Correct Non-Ordnance Confidence Declarations

Percentage (%)
g

Vendor 1 Vendor 2 Vendor 3 Vendor 4 Vendor 5 Vendor 6 Vendor 7 Vendor 8 Vendor 9 Vendor 10

Vend
N = Total Number of Vendor Non-Ordnance Type and endors

Confidence Declarations

Note: (Number of Correct Non-Ordnance Type & B % of Correct "Moderate Confidence" Declarations
Confidence Declarations / N) x 100 0% of Correct "Low Confidence" Ds i

B % of Correct "High Confidence" Declarations ‘

Graph 3.3.7 shows the combined percentages of all correct ordnance and non-ordnance
declarations for the baseline target set. Calculation of the percentages are determined by the
addition TP + FP at a given confidence level divided by the total baseline target set (TBD = 160)
times 100%. It shows an overall ability to discriminate but it is unable to break that down to
ordnance and non-ordnance categories. Vendors #4, #7, and #10 showed the best overall
discrimination.

Graph 3.3-7

Hypothetical Results for JPG Phase IV
Combined Percentage of Correct Ordnance & Non-Ordnance
Discriminations For Given Baseline Target Set (Ground Truth)
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Graph 3.3.8 further shows the breakout of correct ordnance declarations from the correct
non-ordnance declarations. Calculation of the percentage is determined by the total correct
ordnance or non-ordnance declarations divided by the total demonstrator declared ordnance or
non-ordnance declarations times 100%. It is important to note that the denominator in this case
is not determined by the ground truth data but rather by the demonstrator’s own declarations.

Graph 3.3-8

Hypothetical Results for JPG Phase IV
Percentage of Correct Ordnance and Nonordnance

oo Declarations for Vendor Declared Target Set

90
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Percentage (%)
o
o

Vendor 1 Vendor 2 Vendor 3 Vendor 4 Vendor 5 Vendor 6 Vendor 7 Vendor 8 Vendor 9 Vendor 10
Vendors
Note: Total Correct Ordnance or Non-Ordnance Declarations/Total Ordnance
or Non-Ordnance Declared B % Correct Ordnance Determinations

B % Correct Nonordnance Determinations

Graph 3.3.9 shows the actual “on grid” time spent by each of the demonstrators. It shows
the comparison of data collection times, irrespective of data processing or data analysis.
Vendors #8 and #10 might represent more automated or vehicle mounted survey instruments. In
addition, time on grid does not necessarily represent vendor system efficiency since vendors may
choose to spend additional time on the grid collecting raw data at their discretion to a maximum
of 40 hours.

Graph 3.3.10 shows the ordnance-discrimination capability of participating vendors.
Vendors were required to rank-order their target declarations from 1 to 160 with 1 being most
likely to be ordnance and 160 to most likely be non-ordnance. The graph essentially shows the
“rate of correctness” for ordnance discrimination. The end of each line represents the number of
ordnance declarations made (x-axis) versus the number of correct declarations, or true positives,
up to that point (y-axis). Perfect ranking for the 40-acre site would represent the red line with a
slope of “1”. Notice that in the example below vendor #4 and vendor #6 start with good
ordnance discrimination decisions. Small line segments with a slope of 1 require further
investigation to determine if a capability exists to discriminate certain types of ordnance (e.g.

similar ordnance signatures may reveal information to the vendor as to the type of ordnance
buried).
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Graph 3.3-9

Hypothetical Results for JPG Phase IV
Time On Grid

Hours on Grid
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Graph 3.3-10

Hypothetical Results for JPG Phase IV
Demonstrator's Ordnance Rank Order
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In Graph 3.3-10, vendor #8 is making too many declarations of ordnance finds, which
indicates “playing it safe” by declaring unknown targets as ordnance.
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Graph 3.3-11 shows the non-ordnance discrimination capabilities of participating
vendors, following the same logic as the previous graph with the exception of the rank-order
scheme which starts with target #160.*

Graph 3.3-11

Hypothetical Results for JPG Phase IV
Demonstrator's Non-Ordnance Rank Order
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Table 3.3.1 shows the distribution of ordnance items, by UXO type, that were buried and
the number of correct discriminations by vendor. A value of “1” in the column represents a
correct discrimination (ordnance or non-ordnance). A value of “0” in the column represents a
failure to discriminate. This information is important if the desired class of UXO is known
ahead of time and a vendor has shown past capability to discriminate these UXO. For example,
if 20mm High Explosive Incendiary (HEI) rounds were fired on a range, vendor #4 shows a good
ability to discriminate these. If large artillery rounds were fired, then vendor #2 shows a
capability to discriminate these. Vendors #8 and #10 show an ability to discriminate 60mm to
4.2” mortars.

! Some demonstrators placed their declared “unknowns” at the end of their rank-order list. These were removed and
ranking started with the last non-ordnance declaration.

3-14




Table 3.3 — 1, Distribution of Buried Ordnance & Vendor Declarations
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0

0
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The following graphs, 3.3-12 to 3.3-15, show the analysis of data gathered in four other
categories. Field categories such as size (3.3-12), weight (3.3-13), depth (3.3-14)?, and class
(3.3-15) from Table 3.1-1:

Graph 3.3-12

Hypothetical Results for JPG Phase IV
Percentage of Correct Ordnance Size Declarations (large,
medium, small, unknown) by Vendor

100

Percentage (%)

1 2 3 4 5 6 7 8 9 10
large diameter - >200mm Vendors
medium diameter - 100<=m<=200mm
small diameter- <100mm
(Number of Correct Size Declarations / TP) x 100 ‘ @ % of Correct Size Declaration

Graph 3.3-13

Hypothetical Results for JPG Phase IV
Percentage of Correct Weight Declarations (heavy, moderate,
light, unknown) by Vendor

100

Percentage (%)

20

10

0

Note: ]ﬁercemages are irrespectivea of correct orz;}'lanoe
or non-ordnance declarations by the vendor.

heavy - >75 Kg

moderate -  10<=m<=75 Kg

light - <10 Kg

(Number of Correct Weight Declarations / TBT) x 100

Vendors

@ % of Correct Weight Declarations

2 Some depth error is attributable to differences between reporting requirements in the demonstrator data disk (from
the anomalies center of mass) and the process used by the surveyors to measure depth (from the closest point of the
target to the ground surface)
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Graph 3.3-14

Hypothetical Results for JPG Phase IV
Average Absolute Depth Error and Standard Deviation for Ordnance and Non-Ordnance
Targets by Vendor
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Graph 3.3-15

Hypothetical Results for JPG Phase IV
Percentage of Correct Ordnance Class (mortar or projectile)
Declarations by Vendor

1 2 3 4 5 6 7 8 9 10

Vendors

0% of Correct Ordnance Class Declarations

(Number of Correct Ordnance Class Declarations / TP) x 100
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Graph 3.3.14 shows the average and standard deviations of the vendor’s data from the
surveyor’s quality assurance data. Short standard deviation lines and a low average depth error
is the desired metric. Quality assurance based upon remediation efforts, by Concept Engineering
Group (CEG) and hand removals, were performed during the last week of the demonstration
period. This data is shown in the “QA” field of the graph (absolute depth error of .054 meters
and standard deviation of .046 meters based upon 41 total targets unearthed). Vendors #1 and #6
either did not provide entries into this field or the entries were incorrect.

Graph 3.3.16 shows the distribution of ordnance and non-ordnance targets as a function
of volume (on a logarithmic scale) and burial. Targets that meet the criteria of being easier to
discriminate (by a population of 4 vendors or more) are shown as solid markers. Those targets
that were more difficult to discriminate have white hollow interiors. Volumes were calculated
based on outer dimensions for both ordnance and non-ordnance.

Graph 3.3-16

JPG Phase IV, 40-Acre Site
Depth Versus Target Volume (Ordnance and Non-Ordnance)
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34 EXCAVATION & QUALITY ASSURANCE

Although not planned for, CEG performed two roles at JPG Phase 1V, excavation and
quality assurance (QA). The first role was that of a “safe” excavator. CEG uses a supersonic jet
of air and a vacuum pump to remove the earth over a UXO target, enabling explosive ordnance
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disposal (EOD) personnel to identify the type of ordnance and its associated fuze components.
The advantage to this approach is that the ordnance item is positively identified before it is
moved or jostled. This technigque has advantages for excavation of live UXO since it gently and
efficiently removes the overburden soil from above a live round. Bulk excavation on
unexploded ordnance is a dangerous procedure. Many approaches have been suggested such as
“remote” or “tele-operated” digging and “layered” digging where different techniques are used
as one nears an unknown target. Generally, the faster the process of uncovering a UXO the
greater the risk to people and equipment.

Data requirements for the CEG demonstration consisted of two fields as follows. First,
transit time, or the time it takes the equipment to travel from a central staging area to the site and
prepare to excavate. Second, dig time, or the actual time it takes from the start of excavation to a
positive identification of the target.

The second role that CEG provided planners at JPG was that of Quality Assurance (QA).
Questions about the accuracy of target locations and burial depths were raised during previous
demonstrations. To confirm the accuracy of target locations, surveyors were used to mark
targets as they were uncovered by CEG.

3.5 SCHEDULE
Table 3.6-1 provides the actual schedule for both the Self-Test Area and the Blind Test Area. A

description of each vendors system can be found in Appendix C. Pictures of each system, as
taken during the JPG demo, can be found in Appendix E.
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Table35-1

PHASE IV TECHNOLOGY DEMONSTRATION SCHEDULE

Date

Vendor

Technology Demonstrated

SELF-TEST SITE

April 14 - 25, 1998

Sanford, Cohen &

Magnetometer (Mag) and Electromagnetic (EM)

Associates
April 27 - May 1, 1998 Applied Physics Pulsed Electromagnetic Induction (PEMI)

Laboratory

May 18 - 30, 1998 NAEVA Geophysics, Inc. Smartmag and EM

June 1-5,1998 ENSCO, Inc. Mag, EM, and Ground Penetrating Radar (GPR)

June 22 - 26, 1998 Battelle GPR

July 13- 17,1998 Geophex, Ltd. Electromagnetic Induction Spectroscopy (EMIS)

July 20 - 24, 1998 Sanford, Cohen, & Mag and EM

Associates

July 27 -31, 1998

NAEVA Geophysics, Inc.

Smartmag and EM

BLIND TEST SITE

Aug. 17 - 21, 1998 Applied Physics PEMI
Laboratory
Aug. 24 - 28, 1998 NAEVA Geophysics, Inc. Smartmag and EM
Aug. 31 — Sept. 4, 1998 ENSCO, Inc. Mag, EM, and GPR
Sept. 14 - 18, 1998 Geophex, Ltd. EMIS
Sept. 21 - 25, 1998 Battelle GPR
Sept. 28 — Oct. 2, 1998 Sanford, Cohen & Mag and EM
Associates

October 5 - 9, 1998

Geo-Centers, Inc.

Surface Towed Ordnance Locator System

October 12 - 16, 1998

ADI/Alpha Geoscience
Pty. Limited

Mag, EM, and GPR

October 19 - 23, 1998

Geophysical Technology
Limited

TM-4 Magnetometer and TM-4€ PEMI

October 26 - 30, 1998

Naval Research
Laboratory

Multi-Sensor Towed Ordnance Locator System

November 2 - 6, 1998

Concept Engineering
Group

SAFEX Jr., excavation system
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4.0

RESULTS

The following tables, graphs, and discussions represent demonstrator performance
at JPG Phase IV. Phenomenological investigations from the U.S. Army Waterways
Experiment Station (see report in Appendix F) are included to help explain demonstrator
performance. Comparative data is presented in graphical form.

4.1

DISCUSSION

Since most demonstrators used more than one instrument to interrogate suspect
targets, it is impractical, from the governments’ standpoint, to attribute success or failure
to a single technology or procedure. The same holds true for discrimination
methodology. The ability for the government to impartially determine the most
“appropriate” decision making technique is impractical for this performance based test
methodology. Table 4.1-1 is a breakdown, by vendor, of the different tools and
discrimination techniques brought to the field. With the exception of Battelle, which
used GPR and APL, which used PEMI, the eight other vendors used multiple

technologies.

Table 4.1 - 1 - Demonstrators’ Technologies and Discrimination

Techniques
Vendor Technology Discrimination Technique*
APL Pulsed Electromagnetic Induction Statistical Processing
NAEVA TF Mag., EM-61, EM-61 3D, Protem | Parameter Matching
47D
ENSCO Gradiometer, GPR, EM-61HH Sensor Fusion (matching)
Geophex GEM-3 Multifrequency EM, TF Mag. | Target Match to Signature Library
Battelle GPR Linear Shape using CNR
SC&A TF Mag., EM-61HH, GPR Target Signature Comparison
ADI TF Mag., EM-61HH, GPR Visual Interpretation of GPR
Geo-Centers | TF Mag., EM-61 Fuzzy Inference
GTL TF Mag., EM. Statistical Fit to a Data Set
NRL TF Mag., EM-61 Physics Based Algorithm

TF Mag. — total field magnetometer, GPR — ground penetrating radar, EM-61HH — EM-61

handheld

* from demonstrators’ proposals
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4.1.1 Phenomenological Studies

Phenomenological studies were performed by the U.S. Army Waterways

Experiment Station (WES) and appear in the Appendix F. From this WES report the
following general observations are summarized:

(1)

2)

€)

(4)

Electrical Conductivity (S/m —siemens per meter) - GPR tends to suffer most from
variable ground conditions where high ground electrical conductivity leads to high
GPR signal attenuation. The major causes of this are high clay content soil and high
water content. However, JPG soils are very fine grained quartz silts and sands and
attenuation of GPR signals cannot be attributed to high clay content soils in the
shallow subsurface where most of the targets were buried. Therefore attenuation
from this source must come from high water content. The electrical conductivity of
most ordnance is approximately 10’ S/m while background noise is in the 1 to 17
mS/m range for this site (a low value). The ratio of metallic ordnance to background
noise should be approximately 10°.

Electrical Resistivity (ohm-meter) - WES measured the following resistivity values
from 18 August to 27 Oct 1998 in three layers. Layer 1 was from 0.3 to 0.6 meters
deep and resistivity measurements ranged from 450-880 ohm-meters. Layer 2 was
from 1.0 to 1.6 meters deep and ranged from 80-160 ohm-meters. Layer 3 was 2.6
to 3.5 meters deep and ranged from 25-38 ohm-meters. Analysis of layer 3 data is
irrelevant for Phases III and IV since no targets were buried at those depths.
Electrical resistivity in layer 1 is too broadband to be applicable to a particular rock
or ore type but layer 2 is indicative of topsoil, clay, weathered bedrock, gabbro or
graphitic schist'.

Relative Dielectric Permittivity (¢) - WES measured the dielectric constant (€) of
soils at JPG in the laboratory, with GPR, and a Dicon probe. Assuming a 25% soil
moisture content, the permittivity was measured in the lab as 10-13, with GPR at
10.4-10.5, and with the Dicon probe as 19.2.

Average soil water content in grid G7 at 10 cm depth was 13 & 1% under dry
conditions and 33 + 3% under wet conditions.

Magnetic Susceptibility (k) - Magnetic susceptibility should not vary much for near
surface materials. According to WES, no more than 2 or 3 times over distances of
tens of meters. Figure 13 of Appendix F shows a 9 fold increase over 60 meters on
boundary line sections K4 through K6 of the 40-acre site. This does not affect
results from Phase IV since no targets were buried within 75 meters of this region
but it has implications for previous phases. Contrasting magnetic susceptibility
between metallic ordnance and background material should be on the order of 10° or
greater according to WES.

! Field Geophysics, John Milsom, ISBN 0-471-96634-7
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Figure 13. Magnetic susceptibility profiles along grid line K, from K13 to K1

“Large Volume” geologic anomalies in this area (K-M, 4-6) accounted for large
negative magnetic exceedences of approximately 130 nT in the south and large positive
exceedences of approximately 115 nT in the north (figure 15 of Appendix F).

High water content of soils has been shown to have negative consequences on
performance at JPG for GPR. Comparing table 3.6-1 to Figure 14 of Appendix F shows
that on September 20 over an inch of precipitation fell on the site. Battelle demonstrated
for the next 5 days which could account for some of their less than expected performance.
The other two vendors that had to deal with precipitation, Geo-Centers and GTL, did not
use GPR.
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temperature as a function of date during the Phase IV demonstrations
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5. Underlying geologic media (area 6) assumed to have
constant susceptibility

Figure 15. Total magnetic field anomaly calculations (2-D) for hypothetical
model of susceptibility along line K based on susceptibility measurements (see Figure 13)
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4.1.2 Discrimination

There is no single graph that can explain or show the complete results and
complexities from JPG Phase IV. Generally comparing TP versus TN for all areas
(Graph 4.1 -1) is a good indicator. Performance on an area by area basis provides
additional insight. The following table, Table 4.1-2, is a ranking of the top four
performers from all areas and from each of the four areas. The ranking is based on the
ability to get closest to the performance goal (top right corner of the graph) parameters
and exceeding the 95% confidence boundary (the area enclosed by the green curves).

Table 4.1 - 2 - Summary of TP versus TN Graphs (Top Four

Performers)
Ranking
Graph AREA 1st 2nd 3rd 4th
4.1-1 all Geophex NRL Geo-Centers ADI
4.1-2 1 Geophex n.c. n.c. n.c.
4.1-3 2 NAEVA NRL Geo-Centers Geophex
4.1-4 3 Geophex ADI n.c. n.c.
4.1-5 4 Geophex n.c. n.c. n.c.

n.c. —no choice (no vendor could reach 95% confidence interval)

Of the four areas surveyed, Geophex showed the best performance in three.
Although Geophex’s performance did not drop in area 2 as compared to other areas, why
did three other demonstrators perform better in that area? For that matter, why did
NAEVA show well in area 2 and nowhere else? All these vendors use Mag, EM (or
GEM) exclusively yet discrimination performance was erratic and/or area specific. The
only observable difference between area 2 and the other areas can be seen in the
electromagnetic terrain conductivity maps produced by the Geonics EM-31 (figure 16).
It appears that the conditions in area 2 are relatively isotropic in the dry season compared
to conditions in the rest of the areas. Of course sample population, data quality, and
subjective analysis all play a role in final decision making.
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Figure 16. Electromagnetic terrain conductivity map for 40-acre site during dry (left) and wet
(right) site conditions; determined with Geonics EM-31 (frequency domain EM induction system, 9.8 kHz)

Confidence declarations are an important metric and demonstrate vendor
assertions in their own abilities. When viewing confidence graphs (4.1 — 11 to 13) the
viewer should look for a high percentage of correct confidence declarations in the “high”
confidence region, with decreasing percentages in the follow-on confidence categories.
Table 4.1-4 shows confidence performance by the top four performers.
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Table 4.1 -3, Summary of Confidence Declaration Graphs (Top Four

Performers)
Ranking
Graph Areas 1st 2nd 3rd 4th
4.1-11 Ordnance & Non- Geophex SC&A NRL NAEVA
Ordnance
4.1-12 | Ordnance Only Geophex SC&A n.c. n.c.
4.1 -13 | Non-Ordnance Only | Geophex SC&A NAEVA GTL

n.c. — no choice

The combined percentage of correct ordnance and non-ordnance discriminations
is shown in graph 4.1-14. Geophex, ADI, and NRL were the top performers.

Time On Grid is an important metric in the detection and survey mode Sensors
and systems that can be used for both discrimination and rapid surveys are highly
desirable. Cost reductions in terms of survey time have favored the vehicular systems
and JPG Phase IV is no exception. Graph 4.1 — 16 shows that the most efficient
performers were Geo-Centers, NRL, SC&A, and Battelle which all used some sort of
rolling platform. However, it should be noted that “time on grid” is biased due to the
fact that a demonstrator may have actually, for example, surveyed all the targets in 20
hours and chosen the remaining time to research other objectives.

Ranking declarations (1 being most likely ordnance to 160 being most likely non-
ordnance) were required from all demonstrators. Graphs 4.1 - 17 & 18 show the results
of this requirement. The red line with a slope of “1” represents perfect discrimination.
For ordnance rank order Geophex showed an almost perfect ordering for the first 20
declarations and for non-ordnance showed a perfect ordering of the first 30 declarations.
Although Geo-Centers showed the best TP rate of over 80%, graph 4.1 - 17 shows that
much of this success was based on declaring most of the targets as ordnance (115
declarations of ordnance versus 50 actual ordnance targets buried). On a real range this
would cause unwarranted remediation costs.

Table 4.1 - 5 shows ordnance discrimination by demonstrator. From this table it
can be seen that the most difficult ordnance targets to discriminate were the 20mm and
152mm projectiles and 8 1 mm unfuzed mortars”, given the assumption that all items were
detectable. If a range contaminated with 20mm projectiles were a problem, Geophex
would be a vendor to consider since they found every 20mm round and correctly
identified, not only it as ordnance, but also the particular class of ordnance. If 105mm
and 155mm projectiles are important then NAEVA or possibly Geo-Centers could help

? Determined by the number of correct declarations divided by the number of ordnance items in a particular
class (e.g. 19 correct 20mm declarations were made divided by 5 items buried = 3.8)
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(keeping in mind their high ordnance declaration rate). Graph 4.1-20 shows the
frequency of correct discriminations by target number and separated by area.

The last important figure of merit involves the process of not only determining
whether an anomaly is ordnance or non-ordnance, but, if it’s ordnance, what type it is
(e.g. 60mm mortar, 20mm projectile). Graph 4.1- 9 shows that Geophex was able to
declare the actual ordnance item in a little over 55% of the time while NRL, followed by
NAEVA, were able to identify particular ordnance targets around 30% of the time.

Size, weight, depth error, and class are presented as graphs 4.1-21 to 4.1-24 but
not discussed. Graph 4.1-26 depicts target depth versus target volume and graphed
logarithmically. Delineations are made between ordnance and non-ordnance as well as
discrimination difficulty. This graph is an indication of how well the targets were buried
to achieve a credible signal to noise ratio from sensors demonstrated. Three or four of
the ordnance targets were placed at or near their maximum burial depth for the sensors
used during Phase IV. Performance by individual vendors, depicting target depths versus
target volume can be found in Appendix A along with each vendor’s performance on an
area by area basis. Appendix C provides the final reports by each demonstrator regarding
their system and reported demonstration performance.
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Percentage (%)

Graph4.1-6, TP, TN, FP, FN (All Areas)

JPG Phase 1V, 40-Acre Site
Percentage of TP, TN,FP,FN,& Unknowns in All Areas (1,2,3,4)

Applied Physics NAEVA ENSCO, Inc. Geophex, Ltd Battelle SC&A ADVAlpha  Geo-Centers, Inc. ~ Geophysical ~ Naval Research
Lab Geophysics Geoscience Technology Lab
Vendors Limited
E Ordnance Declared as Ordnance (TP) E Non-Ordnance Declared as Non-Ordnance (TN)
O Non-Ordnance Declared as Ordnance (FP) B Ordnance Declared as Non-Ordnance (FN)
B Ordnance Declared as "Unknown"(Ou) O Non-Ordnance Declared as "Unknown" (Nu)
APL - TOB=35, TNOB=71, Ou=9, Nu=8, not surveyed=54 SC&A - TOB=50, TNOB=110, ? u=16, Nu=20 NRL - TOB=50, TNOB=110, Ou=1, Nu=5
NAEVA - TOB=50, TNOB=110, Ou=5, Nu=14 ADI - TOB=50, TNOB=110, Ou=0, Nu=1 All Others - TOB=50, TNOB=110, Ou=0, Nu=0
%TP = (Correct Ordnance Declarations / TOB) x 100 %0O0u = (Ordnance Declared as Unknown / TOB) x 100
%TN = (Correct Non-Ordnance Declarations / TNOB) x 100 %Nu = (Non-Ordnance Declared as Unknown / TNOB) x 100
%FP = (Non-Ordnance Declared as Ordnance / TNOB) x 100 %FN = (Ordnance Declared as Non-Ordnance / TOB) x 100
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SC&A - TOB=9, TNOB=21, Ou=3, Nu=6
ADI - TOB=9, TNOB=21, Ou=0, Nu=0

NRL - TOB=9, TNOB=21, Ou=0, Nu=1
All Others - TOB=9, TNOB=21, Ou=0, Nu=0

%TP = (Correct Ordnance Declarations / TOB) x 100
%TN = (Correct Non-Ordnance Declarations / TNOB) x 100
%FP = (Non-Ordnance Declared as Ordnance / TNOB) x 100

%0Ou = (Ordnance Declared as Unknown / TOB) x 100
%Nu = (Non-Ordnance Declared as Unknown / TNOB) x 100
%FN = (Ordnance Declared as Non-Ordnance / TOB) x 100
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Percentage (%)

Graph4.1-8, TP, TN, FP, FN (Area 2)

JPG Phase 1V, 40-Acre Site
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NAEVA - TOB=14, TNOB=27, Ou=1, Nu=2 ADI - TOB=14, TNOB=27, Ou=0, Nu=0 All Others - TOB=14, TNOB=27, Ou=0, Nu=0
%TP = (Correct Ordnance Declarations / TOB) x 100 %O0u = (Ordnance Declared as Unknown / TOB) x 100
%TN = (Correct Non-Ordnance Declarations / TNOB) x 100 %Nu = (Non-Ordnance Declared as Unknown / TNOB) x 100
%FP = (Non-Ordnance Declared as Ordnance / TNOB) x 100 %FN = (Ordnance Declared as Non-Ordnance / TOB) x 100
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Graph4.1-9, TP, TN, FP, FN (Area 3)
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Applied Physics NAEVA ENSCO, Inc. Geophex, Ltd Battelle SC&A ADI/Alpha  Geo-Centers, Inc. ~ Geophysical ~ Naval Research
Lab Geophysics Geoscience Technology Lab
Vendars Limited
E Ordnance Declared as Ordnance (TP) E Non-Ordnance Declared as Non-Ordnance (TN)
O Non-Ordnance Declared as Ordnance (FP) B Ordnance Declared as Non-Ordnance (FN)
B Ordnance Declared as "Unknown"(Ou) O Non-Ordnance Declared as "Unknown"(Nu)
APL - TOB=21, TNOB=44, Ou=0, Nu=0, not surveyed=1 SC&A - TOB=21, TNOB=45, Ou=8, Nu=3 NRL - TOB=21, TNOB=45, Ou=1, Nu=2
NAEVA - TOB=21, TNOB=45, Ou=4, Nu=7 ADI - TOB=21, TNOB=45, Ou=0, Nu=1 All Others - TOB=21, TNOB=45, Ou=0, Nu=0
%TP = (Correct Ordnance Declarations / TOB) x 100 %Ou = (Ordnance Declared as Unknown / TOB) x 100
%TN = (Correct Non-Ordnance Declarations / TNOB) x 100 %Nu = (Non-Ordnance Declared as Unknown / TNOB) x 100
%FP = (Non-Ordnance Declared as Ordnance / TNOB) x 100 %FN = (Ordnance Declared as Non-Ordnance / TOB) x 100
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Graph 4.1-10, TP, TN, FP, FN (Area 4)
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Graph 4.1 - 11, Confidence Declarations (Ordnance and Non-Ordnance Combined)
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Graph 4.1 - 12, Confidence Declarations (Ordnance Only)
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Percentage (%)

Graph 4.1 - 13, Confidence Declarations (Non-Ordnance Only)
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Graph 4.1 - 14, Discriminations (Ordnance and Non-Ordnance)

JPG Phase 1V, 40-Acre Site
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Graph 4.1 - 15, Declarations (Ordnance and Non-Ordnance)

JPG Phase IV, 40 Acre Site
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Hours on Grid

Graph 4.1 - 16, Time on Grid

JPG Phase |V, 40-Acre Site
Time On Grid

Applied NAEVA  ENSCO, Inc. Geophex, Battelle SC&A ADI/Alpha Geo- Geophysical Naval
Physics Lab Geophysics Ltd Geoscience Centers, Inc. Technology Research
Vendors Limited Lab

Note: APL interrogated 106 targets, not 160 targets
E Time On Grid

4-25



N
o

w
al

w
o

25

20

15

Number of Correct Declarations (TP)

10

Graph 4.1 - 17, Ordnance Rank Order

JPG Phase IV, 40 Acre Site
Demonstrator's Ordnance Rank Order

10 20 30 40 50 60 70 80 20 100 110
Number of Vendor Ordnance Declarations
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—— APL Ordnance Rank Order
—— NAEVA Ordnance Rank Order
ENSCO Ordnance Rank Order
——— Geophex Ordnance Rank Order
Battelle Ordnance Rank Order
—— SC&A Ordnance Rank Order
—— ADI Ordnance Rank Order
—— Geo-Centers Ordnance Rank Order
—— GTL Ordnance Rank Order
——NRL Ordnance Rank Order
—— Ordnance Buried
—— Perfect Ordnance Rank Order
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Graph 4.1 - 18, Non Ordnance Rank Order

JPG Phase 1V, 40-Acre Site
Demonstrator's Non-Ordnance Rank Order

30 40 50 60 70 80 90
Number of Vendor Non-Ordnance Declarations

— Applied Physics Lab

— NAEVA Geophysics
ENSCO, Inc.

—— Geophex, Ltd

— Battelle

—SC&A

— ADI/Alpha Geoscience

— Geo-Centers, Inc.

—— Geophysical Technology Limited
Naval Research Lab

— Non-Ordnance Buried
Perfect Non-Ordnance Rank Order

Non-Ordnance rank order for demonstrator
declarations in descending order from
target #160 (point 0,0).

SC&A declared ""unknowns' at the end of
their rank order - APL, NAEVA, ADI, and
NRL declared their "'unknowns' in the
middle of their rank order.

100 110 120
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Table 4.1 -5, Distribution of Buried Ordnance & Vendor

Declarations

Type of Target

TOTAL

NRL

GTL

Geo-
Centers

ADI

0

0
0
0

1

0

1

0

0

0

0

1

1

0

0

0

1

0

0

Target] APL | NAEVA]JENSCO] Geophex | Battelle] SC&A

33
72
113
155
TOTAL

20

39
68
80

118
TOTAL

17
40

61

81

146
TOTAL

21

46

67

88
123
TOTAL

47

63
89
TOTAL

124
TOTAL

31

79
104
138
141

TOTAL

22
52
TOTAL

137
148
TOTAL

11

57
TOTAL

99
TOTAL

132
152
TOTAL

27
51

92
105
114

TOTAL

56
90
117
TOTAL

108
TOTAL

20 mm HEI

57 mm (HE)
wolfuze, filler

60 mm Motar

wo/fuze

76 mm (HEAT)

81 mm Mortar

Practice wo/fuze

81 mm Mortar

(H E) wolfuze

90 mm (AP)

Practice

105 mm (APERS)

wolfuze

105 mm (HEAT)

4.2" Mortar (HE)

wi/fuze

4.2" Mortar (HE)

wo/fuze

Z.2" Mortar

(Illum.) wortuze

152 mm Practice

155 mm (HE)

w/lifting lug

155 mm (HE)

wi/fuze

0
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Percentage (%)
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Graph 4.1 -19, Correct Declarations of Actual Ordnance Types

JPG Phase IV, 40-Acre Site

Percentage of Correct Declarations of Actual Ordnance Type by Vendor (as provided by
Demonstrators Data Disk in the "Comment Field")

Applied NAEVA  ENSCO, Inc. Geophex,
Physics Lab Geophysics Ltd

Note: This information was not asked for but some
vendors provided it as extra information
# of Correct Ordnance Typings (eg. 60mm) / TOB

Battelle SC&A

Vendors

ADI/Alpha Geo- Geophysical Naval
Geoscience Centers, Inc. Technology Research
Limited Lab

E% of Correct Declarations of Actual Ordnance Type
(eg 60mm)
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Graph 4.1 - 20, Frequency of Correct Discrimination by Target Number

JPG Phase IV, 40-Acre Site
Number of Vendors Who Discriminated Correctly Versus Target Number (all targets)
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Percentage (%)

Graph 4.1-21, Size

JPG Phase IV, 40-Acre Site
Percentage of Correct Ordnance Size Declarations (large, medium, small, unknown) by
Vendor
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Applied NAEVA ENSCO, Inc. Geophex, Ltd Battelle SC&A ADI/Alpha Geo-Centers, Geophysical Naval
Physics Lab  Geophysics Geoscience Inc. Technology Research Lab
Vendors Limited

large diameter -  >200mm

medium diameter -  100<=m<=200mm

small diameter- <100mm

(Number of Correct Size Declarations / TP) x 100

O % of Correct Size Declaration

4-31



Percentage (%)

Graph 4.1 - 22 , Weight

JPG Phase IV, 40-Acre Site
Percentage of Correct Weight Declarations (heavy, moderate, light, unknown) by Vendor

100
90
80
70
60
50
40
30
20

10

Applied NAEVA  ENSCO, Inc. Geophex, Battelle SC&A ADI/Alpha Geo- Geophysical Naval
Physics Lab Geophysics Ltd Geoscience Centers, Inc. Technology Research

Vendors Limited Lab

Note: Percentages are irrespective of correct ordnance
or non-ordnance declarations by the vendor.

heavy - >75 Kg
moderate - 10<=m<=75 Kg
light - <10 Kg 0% of Correct Weight Declarations

(Number of Correct Weight Declarations / TBT) x 100
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Depth (meters)

Graph 4.1 -

23 , Depth Error

JPG Phase IV, 40-Acre Site
Average Absolute Depth Error and Standard Deviation for Ordnance and Non-Ordnance
Targets by Vendor

0.4 =
T * -
0.2 I Py
L 2
No Data I i No Data *
0 ‘ ‘ 1 1 + 1 1 ‘ | T | T |
-0.2
-04 -
Applied NAEVA  ENSCO, Inc. Geophex, Battelle SC&A ADI/Alpha Geo- Geophysical Naval
Physics Lab Geophysics Ltd Geoscience Centers, Inc. Technology Research
Limited Lab
Vendor

Note: Absolute Depth Error from QA of 41 Targets = .054m

Standard Deviation from QA of 41 Targets = .046m

@ Average —High —